The input of iron to the Arctic Ocean plays a critical role in the productivity of aquatic ecosystems and is potentially impacted by climate change. We examine Fe isotope systematics of dissolved and colloidal Fe from several Arctic and sub-Arctic rivers in northern Eurasia and Alaska. We demonstrate that the Fe isotopic (δ56Fe) composition of large rivers, such as the Ob' and Lena, has a restricted range of δ56Fe values ca.-0.11 ± 0.13‰, with minimal seasonal variability, in stark contrast to smaller organic-rich rivers with an overall δ56Fe range from-1.7 to + 1.6‰. The preferential enrichment with heavy Fe isotopes observed in low molecular weight colloidal fraction and during the high-flow period is consistent with the role of organic complexation of Fe. The light Fe isotope signatures of smaller rivers and meltwater reflect active redox cycling. Data synthesis reveals that small organic-rich rivers and meltwater in Arctic environments may contribute disproportionately to the input of labile Fe in the Arctic Ocean, while bearing contrasting Fe isotope compositions compared to larger rivers.
corresponds to stagnant water trapped between two ice layers, also yields the highest Fe and 192 Mn concentration and the most negative δ 56 Fe values for both suspended and dissolved pools 193 (Table S4 ). Other samples from the same area (Ruiga #23 and Ladreka #9) Table S4 ). 199
The Severnaya Dvina (zone 3) was sampled over contrasting hydrological conditions. In Schroth et al. (2011) . Additional values reported here include  56 Fe DFe measured 214 on a larger set of rivers and for different filtration pore size (i.e. 0.45 and 0.02 m filters) 215 (Figure 3) . In glacial and proglacial lake-fed tributary systems, the Fe isotopic signatures are 216 similar to crustal values defined as 0.09‰ (±0.1‰) (Beard et al., 2003, Dauphas and Rouxel, 217 2006) . In contrast, the boreal-forested systems display much lighter δ 56 Fe values down to -218 1.73‰, which also correspond to higher concentrations of DOC (Schroth et al., 2011) . 219 220
Fe isotope composition of large arctic rivers 221
Time series samples of the Ob' and Lena rivers were collected to capture the transition 222 between baseflow and high flow (Figure 4) . In arctic environment, the water discharge peak 223 lasted a few hours to days, leading to an extremely small sampling window. For the Lena 224 River, sampling started just before the peak of discharge while for the Ob' River, discharge 225 rates remained essentially constant, suggesting that the system return rapidly to low flow 226 conditions. Average  56 Fe DFe values of both rivers are essentially identical within uncertainty, 227 yielding δ 56 Fe DFe = -0.11  0.13‰ (2sd, n=15 for the Lena, and n=20 for the Ob'). The total 228 range of δ 56 Fe DFe is restricted to 0.23‰ for Lena River and 0.30‰ for Ob' River, showing a 229 lack of relationships between Fe isotope composition and discharge evolution. For the Ob' 230 River, lighter δ 56 Fe DFe values (from -0.29 to -0.10‰) are measured at the beginning of the 231 sampling period when discharge rate is slightly higher (from 3.2 to 3.0 km 3 /d), but this trend 232
is not observed for the Lena River where changes of discharge rates are larger (from 2.1 to 9.5 233 environments, with a total range from -0.7 to 0.8‰ (see Figure S1 , supplementary material). 239
Although early studies proposed that dissolved Fe in rivers had δ 56 Fe DFe values lighter than 240 bulk continental crust (Bergquist and Boyle, 2006, Fantle and DePaolo, 2004) , more recent 241 studies have identified ubiquitous heavy δ 56 Fe DFe in organic-rich rivers of temperate region 242 and in the Arctic (Escoube et al., 2009 , Ilina et al., 2013 . Analysis of our new dataset 243 supports the recent study of Ilina et al. (2013) (Figure 3 and 5 ). An important exception 251 includes a small river draining montane boreal forest (i.e. Tractor creek) showing heavier 252 values up to 0.68‰ (Figure 3) . Glacial rivers characterized by near crustal δ 56 Fe should 253 mainly reflect the contribution of particles and colloids derived from physical erosion, where 254 the mechanical transport of lithogenic materials should proceed with minimal Fe isotope 255 fractionation. In this case, the slight enrichment in heavy isotopes observed in some glacial 256 rivers could be attributed to the alteration of specific lithologies, such as shales recognized as 257 potential source of heavy Fe (Yesavage et al., 2012) or isotopically heavy crystalline rocks 258 such as granite (Poitrasson and Freydier, 2005) . 259
The lighter δ 56 Fe DFe values of boreal forested rivers has been previously interpreted to reflect 260 either the contribution of groundwater and/or soil water-derived Fe with DOC derived from 261 organic matter decomposition (Schroth et al., 2011) . It has been experimentally demonstrated 262 that equilibrium Fe-organic complexation would favor heavy Fe isotopes in organically-263 bound Fe (Dideriksen et al., 2008) while kinetic mineral dissolution in the presence of Fe 264 chelating organic ligands would favor the release of light Fe into solution (Brantley et al., 265 2001 , Kiczka et al., 2010a . Plant uptake may also favour light Fe isotopes that may be 266 released to rivers after the decomposition of soil organic matter (Kiczka et al., 2010b (Homoky et al., 2009 , Rouxel et al., 2008 , Severmann et al., 2006 as well as 288 during redox-controlled release of Fe in soils (Schuth et al., 2015) , which also likely occurs 289 during the formation of meltwater (Bhatia et al., 2013) . 290
It has been recently shown that glacial runoff may provide a significant source of bioavailable 291 iron to surrounding coastal oceans as a result of ice melting (Bhatia et al., 2013 show similar or even higher enrichment in DOC (10 to 20 mg C/L) than organic-rich rivers 323 from boreal-forested rivers (Schroth et al., 2011) (Figure 5 ) and even tropical rivers 324 (Bergquist and Boyle, 2006) , the small Fe isotope fractionation of ca. -0.2‰ relative to bulk 325 crust is surprising. Presumably, the release of Fe-rich colloids during the peak discharge does 326 not allow significant particulate-dissolved isotope exchange as observed in smaller organic-327 rich riverine systems. This suggests the absence of a significant contribution of fractionated 328 reservoir in larger arctic rivers derived from anoxic swamps and meltwater or from plant litter 329 decay in summer. Alternatively, this could be also interpreted as an integrated signal from 330 these fractionated reservoirs whose relative contributions stay similar throughout the 331 hydrologic year. This contrasts with smaller rivers where shorter flowpaths would produce 332 variable mixing ratios of these sources and therefore more variable Fe isotopic compositions. and Lena have not been reported in previous studies. Hence, at a first approximation, we 363 consider that Fe flux is proportional to DOC flux, with relationships of Fe/DOC = 21 ± 6 364 (g/kg) for Lena river and 61 ± 8 (g/kg) for Ob' river ( Table S3 ). Although Fe enrichment in 365 rivers is often associated with organic or humic-rich colloids (Allard et al., 2004) , the long-366 term relationship between DOC and Fe in these rivers should be however used with caution. 367
Using the annual DOC fluxes determined in previous studies (Holmes et al., 2012) , we 368 determine a total annual flux of dissolved Fe of 84 ± 25 (10 9 g/yr) for Lena river and 252 ± 369 34 (10 9 g/yr). between these two large rivers is interesting considering their contrasted permafrost coverage, 375 totalling 4% for Ob' river and 90% for Lena river (Holmes et al., 2012) . Although spring flow 376 period is not the most affected by permafrost thaw, our results argue against significant 377 influence of permafrost degradation on Fe isotope composition of DFe in subarctic rivers. 378
379
In contrast, smaller arctic river systems show much larger spread in δ 56 Fe DFe values, with a 380 marked enrichment in heavy Fe isotopes up to 0.55‰ during spring flood period and for small 381 colloids. The Severnaya Dvina is the largest European subarctic river, contributing to 4% of 382 the total water discharge to the Arctic Ocean (e.g. Pokrovsky et al., 2010) . The estimated total 383 annual DFe flux from the Severnaya Dvina has been previously determined to 53 ± 16 10 9 384 g/yr , which is more than 50% the total Fe flux of the Lena. Hence, 385 smaller arctic rivers may contribute disproportionately to the input of DFe in the Arctic 386
Ocean, while showing strongly fractionated (i.e. heavier) Fe isotope values. Since the 387 Severnaya Dvina drains both silicate-bearing and carbonate rocks, similar source of heavy 388
DFe may be commonly observed in other remote rivers of the Arctic. It has been also recently 389 demonstrated that the most labile Fe fraction (i.e. <1kDa) in arctic rivers increases its 390 concentration by a factor of 5 during estuarine mixing (Pokrovsky et al., 2014 
Supplementary Materials Methods

Sample filtration
In this study, we operationally defined "dissolved iron", as the fraction passing through 0.45 or 0.22 μm filter size. In some cases, we also used larger pore size filtration at 5, 3
and 2.5 μm to recover together small particles and dissolved Fe fraction. The colloidal and truly dissolved fractions (i.e. < 1 kDa) are obtained using ultra filtration and dialysis methods. For Lena and Ob' river waters, the samples were collected from a small boat and immediately filtered through 0.45 µm filters. Filtered waters were stored in Nalgene high--density polyethylene (HDPE) and frozen until further analysis as described in (Holmes et al., 2012) . Samples from Alaska were collected following the ultra clean method of Shiller (2003) and further described in Schroth et al. (2011) where Fe partitioning in river water is determined as soluble (< 0.02 µm) and colloidal (< 0.45 or 0.2 µm) size fractions using trace metal clean syringe filtration of small volume samples (~15 mL to 30 mL) (Shiller, 2003) .
The White Sea samples were collected from the middle of the flow channel, using 1 liter HDPE containers held out from the beach on a non--metallic stick. The samples were collected and manipulated as described elsewhere (Ilina et al., 2013 , Pokrovsky et al., 2012 , Vasyukova et al., 2010 . Water samples were immediately filtered on--site through sterile, single--use filter units (Sartorius, acetate cellulose filter) with pore sizes of 5, 2.5, 0.45 and 0.22 μm. The first 50 ml of the filtrate was systematically discarded before sampling. Two techniques of ultra--filtration (100 kDa, 10 kDa and 1 kDa) have been used: (1) frontal ultrafiltration (UF) was carried out using a 50--ml polycarbonate cell (Amicon) equipped with a suspended magnet stirring bar located beneath the filter to prevent clogging during pressure filtration at 3 bars; (2) in--situ dialysis filtration involved the use of trace--metal clean SpectraPor 7 ® dialysis membranes containing ultrapure MQ deionized water placed in flotation in natural water during more than 24h (Vasyukova et al., 2010) .
Analysis
Major and trace element analyses were all performed on samples acidified at pH 2 with ultrapure double--distilled HNO3. Trace element analyses were measured by HR--ICP--MS either at LMTG (France) or WHOI (USA). The riverine water reference material SLRS--4 (National Research Council of Canada) was used to check the accuracy and reproducibility of each analysis. Samples for dissolved organic carbon (DOC) analysis were collected in pyrolyzed sterile Pyrex glass tubes after filtration trough 0.45 or 0.22 μm and analyzed using a Total Carbon Analyzer (Shimadzu TOC 5000).
The procedure for Fe--isotope analysis follows previously described methods in (Escoube et al., 2009 ) for riverine and brackish waters. In short, acidified samples are evaporated to dryness at 80°C with distilled HNO3 and H2O2 (ultrapure grade) on a hot plate to release the iron from organic complexes. The samples are then purified through anion exchange resin (AG1--X8, Bio--rad). Iron isotope compositions were determined with a Neptune (Thermo--Scientific) multicollector inductively coupled plasma mass spectrometry (MC--ICPMS) operating at WHOI and IFREMER using medium or high--resolution mode. Instrumental mass bias is corrected using 62 Ni/ 60 Ni isotope ratio as internal standard simultaneously measured. All analyses are reported in delta notation relative to the IRMM--014 standard, expressed as δ 56 Fe, which represents the deviation in per mil relative to the reference material. As δ 56 Fe and δ 57 Fe are on a single mass fractionation line (r 2 = 0.9956), only δ 56 Fe values are reported in this paper.
